CHAPTER II 
GUNNERY 


Section I. INTRODUCTION 


79. (U) General 

a. This chapter is a guide for the Redstone group commander and 
his staff on field artillery gunnery for the Redstone group. It pre¬ 
scribes procedures for fire direction, computation of firing data, and 
fire commands 

b. The primary characteristics of the Redstone are its long range 
and nuclear firepower capabilities. To be effective, this fire must hit 
the target at the right time. Field artillery doctrine domands delivery 
of accurate fire within time limits imposed by the tactical situation. 
Procedures must insure maximum reliability, flexibility, and timeliness 
in the execution of nuclear fire missions. 

e. Much of the information contained in this chapter is based on 
standard artillery doctrine; however, the information dealing speci¬ 
fically with fire direction procedures and computation techniques is 
based on data available at the time of publication of this manual. 

80. (CM) Trajectory 

а. Phaae I From Liftoff to Cutoff. The missile is fired vertically 
from point A* (fig. 15). The missile ascends initially at a relatively 
low speed. Because of this low speed, little or no control is provided 
by the rudders. Carbon vanes, located in the jet exhaust of the pro¬ 
pulsion unit, direct the expulsion of the hot gases and provide control 
and stability during the initial stage of this phase of the flight. Also, 
during this period, lateral deviations are detected by the lateral accel¬ 
erometer and correction commands are sent to the control surface by 
the guidance system. Although range guidance as such is not in 
effect at this time, deviations in velocity and displacement are utilized 
in the cutoff computer, which determines cutoff when preset conditions 
are satisfied. The deviations that exist in range for the entire trajec¬ 
tory and laterally after cutoff are accumulated in the rango and lateral 
computers and are fed'to the control computer after reentry. 

б. Phase II From Cutoff to Separation. At point A, (fig. 15), condi¬ 
tions permit the cutoff equation to be satisfied, and the propulsion unit 
is cut off. Cutoff is chosen so that the missile is traveling at a certain 

velocity at a certain point in space, ao as to follow a predetermined 
ballistic trajectory in to the target. Between cutoff and separation 
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of the thrust unit from the body, there is a delay of some 10 to 30 
seconds. Up to point A,, the missile has been under a constantly 
increasing acceleration. As a result, time must be provided for the 
acceleration to fall to zero and the velocity to stabilize. This is called 
thrust decay. The time between cutoff and separation has been 
delayed in order to prevent the thrust unit from colliding with the 
missile body during thrust decay. At point A,, separation is com¬ 
pleted, and the thrust unit follows closely behind the body. Becauso 
of little atmospheric density at this altitude (approximately 175,000 
to 275,000 feet), tho air vanes on the body are ineffective, and jet 
nozzles provide attitude control. 

c. Phase III From Separation to Reentry . During phase III, the 
body follows a ballistic trajectory controlled in attitude by air jets. 
From separation to reentry, the range and lateral computers continue 
to accumulate deviations from the standard trajectory. 

d. Phase IV From Reentry to Impact. Reontry (approximately 300 
seconds from liftoff for minimum range to 340 seconds for maximum 
range) is the point on the trajectory where the body unit of the missile 
comes back into that portion of the earth’s atmosphere which is suffi¬ 
ciently dense to activate a deceleration switch. This is a critical period, 
since extreme heat and shock are generated as the body dives into 
denser air. One of the primary reasons for separation is to improve 

aerodynamic stability of the missile body during this phase. Also, 
without separation, heavy construction of the thrust unit would be 
required in order to withstand rapid deceleration and maneuver 
accelerations. On reentry, the deceleration switch initiates tho 
following guidance and control changes: 

(1) The control computer accepts signals from the lateral and 
range computer. The guidance system gain is small at 
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firs*, and then it gradually increases until the control servo 
loop is operating at full gain. Possible destruction of the 
missile would occur if corrections were enforced too abruptly 
at this high velocity. 

(2) The attitude error signals are attenuated so that primary 
consideration is given to guidanre errors. 

81. (CM) Standard Trajectories 

а. The standard irajccloriis for I lie entire range .»f m .{*2*1 
kilometers arc obtained In u>ing 2 different tilting programs during 
the powered portion of the trajectory. These tilling programs are 
designated as short range and lung range. The range covered by 
trajectories having the saute tilting program is varied from maximum 
to minimum by culling back the burning time. Thus, the powered 
portion of any trajectory m a fu.ndv of related trajectories is identical 
except for time of cutoff. 

б. Fourteen tapes representing standard trajectories are used in 
conjunction with the tilting programs. These tapes arc carried in 
the lest station. The correct tape is determined during tlie compu¬ 
tation of the tiring commands. 

e. From Tiring until impact, the ulliLudc of the missile in the pitch 
plane is controlled by the recorded program. This is done in order 
to insure proper pitch attitude of the missile lliroughout its trajectory. 

Section II. THE GUNNERY PROBLEM 

82. (CM) General 

a. The Reds tore missile gunnery problem is one of determining 
equipment settings which will cause the missile to deliver its war¬ 
head to the target. These equipment settings or preset-tings repre¬ 
sent. the fire commands which are sent to the firing position end placed 
in the missile prior to firing. 

b. These presellings establish a precalculated standard trajectory 
in Lhe missile guidance equipment. Missile performance is compared 
with this standard trajectory to determine any corrective maneuver 
necessary after reentry. Missile performance is measured by two 
gyro accelerometers which measure accelerations in the direction of 
their sensitive axes. 

e. A knowledge of the guidance and control system is needed to 
understand the theory of the firing tables and the purpose of lhe 
preset tings. 

83. (CM) Finns Tabic Theory 

a. The path or trajectory of the missile can he described by equa¬ 
tions of motion which consider the forces affecting the missile through¬ 
out its trajectory. Since these forces are vector quantities, a refer¬ 
ence or coordinate system is established. The basic trajectories for 
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the Redstone missile are calculated with reference lo a space-fixed 
Cartesian coordinate system (rectangular, three-dimensional). The 
reference of this system is the earth's center, with the Y axis going 
through the launcher location. The X and Y axes arc in the plane 
of the trajectory, and the Z axis is perpendicular to the plane of the 
trajectory (fig. IG). This space-fixed coordinate system is further 
referenced to an earth-fixed coordinate system, which has its origin 
nt the launcher location. This is done to simplify the transformation 
of equations of motion to the missile guidance coordinate system. 
The earth-fixed coordinate system is a direction-fixed coordinate 
system with a constant velocity equal to the velocity imparted to the 
launcher location by the rotation of the earth. 



Figure 16 . (CM) Itedatane standard trajectory, X, Y, and Z and guidance 

coordinatea. 

b. The missile guidance coordinate system establishes the measuring 
axes as the range direction coordinate and lateral direction coordinate. 
The values for missile preset tings arc determined along theso two 
measuring axes (fig. 16). 

c. Referencing of the space-fixed coordinate system to tho launcher 
location and the transposition to the missile guidance coordinate 
system is not apparent in the firing table solution of the gunnery 
problem. 

<L With the Redstone system, tho standard and reference trajec¬ 
tories must coincide nt cutoff. Coincidence is accomplished by 
selecting a program tape and appropriate missile guidance coordinate 
directions. Tin* tape is selected based on the computed range and 
provides coarse range control. The guidance coordinate directions 
were selected to provide optimum accuracy and simplicity in fabri¬ 
cation of guidance equipment. The selections of the coordinate 
direction and tape minimize errors due to time of flight variations 
and result in a free flight path after cutoff. 
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e. The range control generated by the tape causes the missile to 
follow a path approximating the standard trajectory with minimum 
angle of attack. When the guidance systom is influenced by the pre- 
settings, this path will theoretically coincide with the standard tra¬ 
jectory at cutoff. 

J. The guidance coordinates ore referred to ns range, lateral, and 
impact. No measurements arc made in the impact coordinate 
direction since deviations in the impact direction result in only 
second-order errors, which are negligible. The impact coordinate is 
defined as the tangent to the trajectory at the point where those forces 
parallel to the range coordinate ore equal and opposite. The range 
direction coordinate is defined as a lino extending through the launcher 
in the direction that the range accelerometer measures accelerations. 
The range coordinate is perpendicular to the impact coordinate. 
The lateral coordinate direction is perpendicular to the piano described 
by the range and impact coordinates or is perpendicular to the plane 
of the trajectory. The lateral accelerometer measures acceleration 
of the missile with respect to this plane. 

84. (CM) Firing Tables 

Tho firing tables contain tabulated data based on the performance 
of a standard missile following standard trajectories under standard 
conditions. The tabulated data are actually coefficients for the 
equations used in computing the missile presottings. Tho tnbles will 
also contain values to compensate for altitude variations and other 
deviations from standard conditions. The tables contain coefficients 
listed under the following parameters: 

o. Rh—argument to determine interpolation factor. 

b. R—rango angle value used to compute time to enter other tables. 

e. K—aiming azimuth. 

•1. E—elevation angle for range accelerometer. 

e. A—correction factor applied to velocity (Q). 

/• B—correction factor applied to displacement (S). 

g. TT—total flight time. 

h. C —correction to TT. 

i. W, F, SI, ST—factors to be used to compensate for variations in 
liftoff weight, thrust, and specific impulse. 

j. Q—velocity presetting. 

Jc. S—displacement presetting. 

1. T—cutoff equation constant. 

wi. N—cutoff equation constant. 

85. (CM) Functions of the Missile Presettings 

a. General. 

(1) These presettiugH are placed in the missile or launcher prior 
to firing. They provide the referenco values for detecting 
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deviations of the missile from its precalculated standard 
trajectory. 

(а) K—aiming azimuth. 

(б) T—cutoff constant (set in by L). 

(c) N—cutoff constant (set in by M). 

(d) E—elevation angle for range accelerometer (set in by P). 

W Q—velocity setting (set in by I). 

(/) S—displacement sotting (set in by J). 

(2) The presottings serve as the intelligence for the missile 
guidance and control systems. As the missile travels along 
the trajectory, its position is determined relative to these 
preset values. Variations in velocity and displacement aro 
determined by the range and lateral gyro accelerometers 
along the respective measuring axes. The purposo of the 
range and lateral components of the guidance system is to 
guide the missilo, so at the completion of terminal guidanco 
the trajectory passes through the target. 

(3) The gyro accelerometer is constructed so that the output 
presents a first integration value of acceleration with time. 
This determines a value of velocity in meters par second. 
This velocity is transmitted to a separate guidance com¬ 
ponent which performs the second integration with time. 
This determines a value of displacement. 

(4) The values for velocity, displacement, two cutoff equation 
constants, and the elevation angle E are determined so 
that all integrator outputs aro zero or close to zero at the 
start of terminal guidance. Terminal guidanco is initiated 
by a deceleration switch which measures the deceleration in 
tho direction of the longitudinal missile axis. At this time, 
if integrator outputs are not zero, the remaining values are 
cleared out and sent to the rudder servo system. 

b. Explanation of Laying Azimuth K. 

(1) Prior to tho determination of tho values of velocity, displace¬ 
ment, two cutoff equation constants, and tho elevation 
angle E, it is necessary to determine a value for tho laying, 
or aiming azimuth K. In discussing tho laying azimuth, it 
is necessary to consider tho relationship between tho target 
and launcher as tho earth rotates. 

(2) The relationship of the launcher location and the target with 
the effect of tho earth’s rotation on tlic9e points is shown in 
figure 17. This illustration indicates a northwest firing 
direction showing the earth's velocity vector V L for the full 
time of flight appliod at tho firing location (FP,). The 
length of this vector represents tho distance FP, will move 
(referenced to space) during the timo from launch until 
impact, i.e., to FP a . If tho azimuth (K T ) from FP, to T, 
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(Target Location at time of Launch) were used ns the aiming 
azimuth the missile would impact at point D. However, 
Ti traveling at a lower velocity has only moved to T f during 
the elapsed time causing n miBS distance equivalent to the 
vector shown between T, and Point D. To determine the 
proper aiming azimuth, the velocity vector V L i9 applied 
opposite the earth's rotation at the predicted target (T,) 
anil n correction is applied to K T producing aiming azimuth 
(K). Rotational effects and latitude differences also influ¬ 
ence range computations. These factors ore reflected in the 
cutoff equation and in the range computations. 

(3) One situation where the rotation of the earth does not affect 
the trajectory is the case where the missile is fired nt a 
terrestrial target from the North Pole. Since tho Polo has 
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no velocity due to the rotation of the earth, (he trajectory 
will be the same as one being fired from a nonrotnting earth. 
Tho target, on the other hand, has a velocity relative to 
space, so that the missile which is fired to strike a target T3 
actually hits a target T4, since the earth has rotated the 
target position through an angle (angular velocity X time) 
during tho time of flight. The solution then is to nssume 
the target to ho T4 and aim at target T3. 

(4) Under actual conditions, time of flight variations up to 10 
seconds, due to winds, thrust, etc., can bo expected. The 
error in hitting a target is equal to the velocity of tho target 
multiplied by tho change in time of flight. For example, a 
missile fired from the North Pole to a target on the Equator 
(velocity 460 motors per second (m/s)) would produce a 
maximum error of 4,600 meters (10 sec X 400 m/s=4,G00 
meters). 

c. Explanation of the Election Angle (E). The Redstone guidance 
system is a two-component guidance system. One measuring direction 
ia tho range direction coordinate, and the other measuring direction 
is tlie lateral direction coordinate. Errors arc expressed as a function 
of flight time variation. Tho explanation of these errors and the 
manner in which they arc compensated for are explained ns follows 
(fip. 16): 

(1) There are two types of forces that act upon a missile from 
launcher to tnrgot: 

(a) Inertial forces which are measurable. 

(b) Gravitational anomalies. 

(2) The total distance tho missile travels from the launcher 
location to impact, as measured along the range axis, is 
shown in figure 16 as the distance from O to B. The dis- 
tanco the missile travels, due to inertial forces, is represented 
by tho distance OA. The distance AB is due to the effect 
of the gravitational field. Tho distance OB may be kept 
constant by the guidance system sinco it can be precalculated. 
The distance BA varies with the individual firings. A pos¬ 
sible distance ia represented by A'B with corresponding 
impact error at T'. The problem of accounting for thoso 
unmeasured accelerations is solved bv precalculating these 
accelerations for standard conditions of a given trajectory 

and applying them to determine proper impart data. 

(3) Since gravity accelerations depend on the actual position 
occupied by the missile in the trajectory, nonstandard 
conditions will not allow these gravity accelerations to co¬ 
incide with precalculated accelerations. The nonstandard 
conditions result in changes in the actual time of flight of 
the missile which, in turn, changes the actual time of flight 
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m compared to the precalculated value. There is a close 
correlation between this change in time of flight and change 
in the gravity accelerations. This correlation of errors is 
u&ed as a basis to derive correction terms to compensoto for 
errors iu rango which would otherwise result from non¬ 
standard conditions. 

(4) The errors encountered in lime of flight variations are divided 
into first- and second-order errors. The first-order errors 
arc overcome by the proper selection of the elevation angle 
E, velocity, and displacement preset values. The correction 
for second-order errors is disregarded because of the small 
effect of these errors. The elevation angle E is such that the 
range measuring component of the drag effect is os small as 
possible during terminal guidance. 

d. Explanation oj the Presetting* Velocity ( Q) and Displacement (S). 
Q and S represent the velocity and displacement values the missile 
should experience, along its trajectory on the range axis, from launch 
until terminal guidance is initiated at reentry. They are calculated 
so that Ihe velocity at cutoff, when integrated with rospect to time 
over the period from cutoff to reentry, tends to cancel displacement, 
resulting in a near zero output from the range computer. The char¬ 
acteristics of the guidance hardware are such that velocity is preset 
with a negative value and displacement is preset with a positive value. 

e. Explanation of Presettinga T and N (Tiro Constants in the Cutoff 
Equation Preset Through L and M). 

(1) Before firing, both the anticipated points of terminal guidance 
and cutoff are only approximations, since they arc deter¬ 
mined by the peculiarities of the particular trajectory. The 
exact point of cutoff is determined through solution of a 
cutoff equation in the cutoff computer. The cutoff com¬ 
puter is located in the range computer and is physically 
geared to operate from (he same signal sources. 

(2) The cutoff equation is as follows: 

Tjr+AQ+N=0 

where AS=displacement value remaining in the cutoff 
computers; 

AQ=velocity value remaining in the cutoff computer; 

T=cutoff equation constant representing the lime of 
flight from standard cutoff to starting time of 
standard terminal guidance (preset using L). 

N r =cutoff equation constant representing correction 
values for thrust, decay, separation, and drag. 
These values are determined from standard 

cutoff to starling time of standard terminal 

guidance (preset using M). 
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(3) Tlie preset values T and N arc obtained by starting with 
zero values at reentry and integrating the forces involved 
with time back to the launcher location. 

(а) 1' is obtained by determining the time between standard 
cutoff and starting time of standard terminal guidance. 
This time constant is sufficiently accurate to bo set into 
the cutoff computer. 

(б) N is obtuined by determining the values for tho following: 
/. Decrease in velocity to compensate for thrust decay since 

cutoff is not instantaneous but requires a period of 
approximately 0.38 second. 

2. Increase in velocity to compensate for losses duo to drag 
from cutoff to reentry. 

S. Velocity value in the range-measuring direction due to 
forces involved in separating the body unit from tho 
thrust unit. 

(4) When standard conditions do not prevail, the cutoff equation 
attempts to make the valuo of the displacement integrator 
plus tho displacement presetting equal to zero at terminal 
guidance. Any displacement valuo present at reentry is 
canceled by the maneuver during terminnl guidance. 

Section III. GROUP FIRE DIRECTION 

86. (U) General 

a. Tho Cro direction center is that clomciit of the command post by 
which the commander exercises fire direction control. It consists of 
gunnery and communication personnel who assist tho commander in 
the control and coordination of fires. The fire direction center per¬ 
sonnel convert fire missions from higher headquarters into appropriate 
firo commands for the firing batteries. Tho firo direction center 
personnel control the execution of fire missions. 

b. Accuracy, flexibility, and speed in executing fire missions dopond 
on— 

(1) Accurate and rapid preparation of firing data. 

(2) Transmission of firo commands directly to the firing batteries 
as soon as determined. 

(3) The efficient assignment and division of duties among fire 
direction personnel. 

(4) The adherence to a standard technique. 

(5) The efficient use of mechanical devices, sucli as the calcu¬ 
lating machine. 

(6) Fire direction personnel functioning ns a team and operating 
in a definite sequence. 
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97. (U) Personnel 

«. Personnel io the fire direction center include the S3, two assistant 
S3*s, chief fire direction computer, assistant chief fire direction 
computer, five fire direction computers, and such other members 
of the operations and intelligence platoon as may bo required. The 
S3 is the gunnery officer of the group. Other officer* of the group 
staff should be trained to relieve the S3 when necessary. 

b. General duties of personnel in the firr direction center are as 

follows: 

(1) The S3 plans, coordinates, and supervises the activities of 
the fire direction center uml is responsible for training the 
personnel. On receipt of a fire mission, ho alerts the firing 
batteries. The assistant S3's are the chief assistants, 
relief, and replacements for the S3. 

(2) The assistant S3 in charge of the fire direction center super¬ 
vises and trains the fire direction computers and actively 
supervises the computation of fire mission data and its 
transmission to the firing battery. 

(3) The fire direction center personnel prepares and maintains 
a fire capabilities chart. 

(4) The chief fire direction computer supervises, checks, and 
reconciles the compulations of the fire direction computers 
and supervises transmission of data to the firing batteries. 

(5) Computers determine and read firing data based on informa¬ 
tion contained in Iho fire mission and basic data. 

88. (U) Fire Capabilities Chart 

The firr capabilities chart is a 1:250.000 or smaller scale map 
containing information similar to that on the fire capabilities chart 
and situation map in other field artillery units. The chart is designed 
to show the S3, at a glance, information necessary for fire orders and 
safety. This chart shows locations of targets, zones of fire, bomb lines, 
and no-fire linos, ns well as the tactical situations of both enemy and 
friendly forces. Standard artillery symbols and colors ore used. 

89. (U) Basic Data 

a. Basic data for computations are received at the fire direction 
center from various sources. Computers record these data on the 
firo direction center basic data record (fig. 18) and the fire command 
sheet (fig. 19). 

b. Survey personnel report aurvoy data to tho fire direction center 
as data become available. The survey data consist of the universal 
transverse mercator (UTM) grid zone on which the surrey is based, 
the grid coordinates and/or geographic coordinates and the height 
(altitude) of each firing position, and the grid azimuth of orienting 
line. 
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90. (U) Status and Readiness Charts 

At the completion of each major step of operation required in 
preparing a missile to be fired, the firing battery commander will 
render a report to fire direction center. This data will be recorded 
on an appropriate chart (fig. 20). The chart enables the S3 to 
determine the status of each firing battery in relation to each assigned 
mission. A prearranged code can be used in transmitting this data, 
but the code must be changed frequently enough to preclude compro¬ 
mise. 

91. (U) Fir« Mission 

A separate firo mission for cadi missile to bo fired is received from 
the army firo support coordination section. Tho fire mission should 
contain tho following demon to: Warning, identification, concentra¬ 
tion number, date and time to fire (or time on target), type of warhead, 
height of burst, target location, altitude of target, and nature of 
target. Items in a through i below pertain to elements of the fire 
mission. 

a . Warning —The army FSCS should send a warning order of an 
impending fire mission to the group as early as possible prior to the 
desired time to fire. 

b. Identification —Designation of the higher artillery headquarters 
ordering the fire mission. 

c. Concentration Number —Identification of mission by letter group 
and number system. 

d. Date and Time to Fire —Greenwich civil time. Tho army artillery 
fire direction center must insure that the desired time to firo is within 
the capabilities of the group, considering the state of readiness. 

e. Type of Warhead —Depends on tactical situation. 

/. Type of Buret —Depends on tactical situation. 

g. Target Location —Because of the range of the missile, the target 
location must be a complete reference, including the universal trans¬ 
verse mercator, grid rone designation, the 100,000 meter square iden¬ 
tification, and the coordinates to the nearest meter. If the missile 

firing data computer, Redstone, is to be used to determine firing data, 
either UTM grid or geographic coordinates are acceptable. 

A. Altitude of Target —Meters above mean sea level. 

i. Nature of Target —This clement of the fire mission is not manda¬ 
tory but is highly desirable. Informing personnel of the general na¬ 
ture of tho targot of which thoy are firing is an important mornlo 
factor. 


75 



hf3T3 V3HY 



JLnOX03H3 

3VDIld3A 


03133d *03 
9NIAV3 



-J Q 

l S_J 

rsil a. 


03133dMOD § ^ 
ONiivn S S 




AH311¥8 


397H01S 

AQV3U 


3anivw3dfi3i | ^ 


30H033V 


3Sindm 

DUIOBdS 


isndHi 

Q3imnv3 


1H9I3A 

ddoun 



Se g 




> N ^ J 

% S % 1 

% *4 N 



Figure 10. (U) Example oj aiaiua and rtadineee eJuiri. 

























































92. (U) Fire Control Procedures 

A fire mission received from the army fire support coordination 
action is decoded, and personnel in tho group fire direction center 
perform tho following operations in the sequence listed: 

a. Computers enter all firing data directly obtainable from the fire 
mission on the fire direction center basic data record (fig. 18) and the 
firo command sheet (fig. 19). 

b. Simultaneously with actiou in a ubovc, the tnrgct location is 
plotted on the fire capabilities chart. 

c. The S3 determines which battery will firo by using tho informa¬ 
tion contained on the status and readiness chart in conjunction with 
the group commander’s policy. The S3 immediately alerts tho firing 
battory(ies). 

d. Computers determine firing data. 

t. The S3 transmits firing data to the firing battery by messenger 
or other communication channels. At times, it may be necessary to 
encode certain fire commands by using a prearranged message code. 
All personnel should bo trained so that tho U9e of such a code does 
not delay the execution of a fire mission. 

(1) If the missile programing data computer is used for deter¬ 
mining firing data, all firing data is transmitted at once to 
the firing battery. 

(2) If the firing data are computed by the longhand method, 
initial data mQy bo transmitted to tho firing battery in 
fragmentary form. 
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Section IV. DETERMINATION OF FIRING DATA 

93. (CM) General 

Firing data may bo computed by using the missile programing datn 
computoror by computers using the longhand compulation method. 
The longhand method requires approximately 2 to 3 hours. Since 
the missile programing data computer requires approximately 10 
minutes overall warmup, testing, and computation time, this method 
will be used whenever possible. During cold weather, warmup time 
might become considerable, causing an increase in the 10 minute 
overall time. To overcome this tlio computer van could bo stored 
in a heated shelter or u source of heat improvised in the vail itaeif. 
Fire direction personnel must, however, be proficient in the use of the 
longhand method to provide for'situations in which the missile pro¬ 
graming data computer is inoperable or not available. 

94. (U) Computation of Firing Data Using Missile Programing 

Data Computer 

Tho mmilo programing data computer is u compact, transistorized » 
general purpose, digital computer, which has been programed to solve 
the Redstone gunnery problem. The following procedure is used: 

a. The operator presses the "On” button and waits until the 
"Ready” light glows (approximately 40 seconds). 

b. The operator presses the "Teat" button, and the computer pro¬ 
ceeds to solve a test problem, the parameters of which havo been 
included in tho program. If tho computer is operating correctly, the 
typewriter will print the teat problem solution with an extra line below 
the last output item. If this extra line contains no digits other than 
zero, the computer is operating satisfactorily. 

c. The operator presses the "Setup" button. This operation con¬ 
ditions the computer to accept the parameters for the particular 
problem to be solved. 

d. Using tho keyboard on the control panel, the operator enters 
the parameters of the particular problem to be solved in accordance 
with the formats shown in figure 21. The first parameter is either 
a -Kl or a —.1 which indicates to the computer whether the locations 
of target and firing position are in UTM (-K1) or geographic (—.1) 
coordinates. Tho formats shown in figure 21 are required to permit 
the computer to accept all possible parameters. The computer is 
being reprogramed to compute tho recent change in tho gunnery solu¬ 
tion. This will require lift-off weight, calibrated thrust, engine specific 
impulse, and alcohol temperature as an input. Xo data is presently 
available on this change. 

e. As each digit is entered from the keyboard, a corresponding 
neon "nixie" tube will light in the display portion of the control 
panel, indicating the digit which lias been entered. As soon as all 
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Figure 21. (CM) Example of inpul formal, missile firing data computer, Redstone. 

digits in the parameter have been entered at the keyboard, tho oper¬ 
ator can check the nixie display to determine if the proper value has 
been entered. If the operator has made an error, it can be corrected 
by pressing the 4 'Clear" key and reentering tho parameter. When 
the parameter is displayed correctly, the operator presses the "Par¬ 
ameter" button. In a few seconds, the computer stores the param¬ 
eter, provides another nixie display to show what has been stored, 
and causes the typewriter to print a record of the parameter. After 
checking the uLxio display for correctness, the operator depresses 
the "Clear" key, and the computer is ready to accept the next pa¬ 
rameter. If an error is discovered after the computer has stored the 
parameter, the operator must press tho "Setup" button and start 
the problem again. 

J. After all tho parameters have boon stored in the computer, 

the operator presses the "Parameter" button once more, and the 
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computer starts computation of the problem. IT UTM grid co¬ 
ordinates have been used, the computer will display and print the 
geographic coordinates of the firing position and the target and then 
halt (fig. 22). These geographic coordinates are a by-product of the 
UTM coordinate solution. To proceed with the computation of the 
remainder of the problem, the operator once again presses the 
“Parameter” button. 
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Figure tS. (CM) Example of intermediate UTM output, mietUe firing data 

computer, Kedetone. 


g. When the computer has completed the problem, it will display 
and print the 19 items shown in figure 23. (A proposed change in 
the computer program will provide the value of “CT*, the convergence 
at the firing position, as an additional output. This is entered on 
the basic data record (fig. 18) and used to convert the grid azimuth 
of the orienting line to a geodetic azimuth, see paragraph 101 c( 2 ).) 
Each of I hose items is identified by a coda number corresponding to 
the numbers on the fire command sheet (fig. 10). 

A. After computation of a particular problem, the operator again 
presses the “Test" button to determine if the computer is still in 
operating condition. If the last line of the test problem solution 
contains no digits other than zero, it is assumed that the computer 
operated satisfactorily throughout the computation of the actual 
problem. 

i. The key marked “Eater" is never used during the solution of a 
Redstone problem. If it is depressed inadvertently, the operator 
should press the “Setup" button and again enter parameters. 


95. (U) Determination of Firing Data Using the Longhand 
Solution—General. 

a. Computers obtain elements of firing data from the firing mission, 
firing tables, and basic data. Two computer teams check their 
computations with each other at logical points. The chief fire 
direction computer checks and resolves differences in computations 
to eliminate errors as quickly as possible. 

b. All personnel in the fire direction center must know the arrange¬ 
ment of the firing tables and how to use them. An explanation of the 
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Figure £9. (CM) Example of output formal, miaaitc firing data computer, Redstone. 


use of the firing tables, together with sample problems, is contained 
in the introduction to the firing tables. Fire direction personnel 
must also know how to use the calculating machine. 


96. (U) Composition of Firing Data 

Firing data is composed of— 

a. Basic data. 

b. Preliminary presettings. 

c. Conversion of presettings to missile settings and calibration 
factors. 


97. (U) Equipment 

The following equipment is needed to compute firing data: 

a. Trigonometric functions, seven-place (argument in decimals or 
degrees). 

b. TM 5-241-2 (universal tronsvorse mercator grid; zone to zone 
transformation tables). 


- «• - 


Ml 41) O 


4 


81 







c. Table* for transformation of coordinates from grid to geographic 
for the appropriate spheroid (TM 5-241-3/2, International; TM 5- 
241-1/2, Clark 1860; TM 5-241-5/2. Bessel; TM 5-241-6/2, Clark 
1880; TM 5-241-7/2, Everest). 

NoU. The publications in e above are the new designations for the volumes 
II of Army Map Service Technical Manuals (AMSTM) 8 7, 8, 9. and 11. respec¬ 
tively. 

d. Tables for radii vector for the appropriate spheroid, see firing 
tables. 

e. A calculating machine of at least 10 column capacity. 

98. (CM) Symbols and Abbreviations 

The following symbols and abbreviations arc use in computations: 

a. A—Integrator presetting correction parameter. Used in cor¬ 
recting integrator presetting Q. Action necessary because of the 
rounding off of E* to E. 

B—Integrator presetting correction parameter. Used in cor¬ 
recting integrator presetting S. Action necessary bocauBo of tlio 
round off of E* lo E. 

e. d—Indicates difference when used os a prefix. 

d. E—Angle of elevation of the range-measuring accelerometer 
rounded to the nearest 0 . 1 °. 

*« E*—Value of E corresponding to cutoff signal time t. 

/. Et—Easting of the launcher. 

g. Ef—Easting of the target. 

h. F—Time in seconds required for range accelerometer lo achiovo 
a velocity output of 720 meters per second. 

i. FS—Calibrated thrust in pounds from Thrust Unit log book. 

j. h L —Altitude of launcher location. 

t. hr—Altitude of target. 

I- H—Velocity output of the lateral accelerometer at the end of 
100 seconds. 

ro. I—The time set on the velocity timer for presetting Q in tho 
range computer. 

n* J'—The time set on the displacement timer for presetting S in 
the range computer. 

o. K t —Geodetic azimuth of a line from launcher to target. 

P- K—Aiming or firing azimuth. (Difference between K T and K 
is due to the rotation of the earth.) 

7- D—Dial Betting for cutoff equation constant T. 

r. M—Dial setting for cutoff equation constant N. 

a. N—One of two cutoff equation constants. 

f. N c —Northing of the launcher. 

u. Nr—Northing of the target. 

P—Calibration value for presetting E in the missile. 

to. Q—Missile's velocity presetting. 



x. R h —Effective range angle. Used in determining argument R, 
for firing table entry and in computing the interpolation factor. 

V- R»—An adjusted R h used only for firing table entry in computing 
the interpolation factor and times t m and t*. 

2 - R—Range anglo determined by position of launcher and target. 

oo. S—Missile displacement presotting. 

ab. SI—Required specific impulse. 

ac. SIO—Calibrated specific impulse from thrust unit log book. 

ad. SIP—Change in specific impulse due to standard missile 
conditions. 

ae. T—One of two cutoff equations. 

af. t Standard cutoff signal limo corresponding to effective range 
angle R„. 

ag. TA—Alcohol temperature required. 

ah. TR—Desired burning time. 

at. TC—Cutoff signal time. 

aj. TT—Total computed flight time. 

ak. TAO—Initial alcohol temperature. 

al. TBM—Maximum burning time. 

am. WL—Liftoff weight in pounds. 

an. X—Ali n e m ent amplifier bias setting. Used to offset the effect 
of tho component of the earth's rotation in the X axis. 

ao. Y—Alinement amplifier bias setting. Used to offset tho effect 
of the component of tho earth's rotation in tho Y axis. 

ap. Z—Alinement amplifier bias setting. Used to offset the effect 
of the component of the earth’s rotation in tho Z axis. 

a Q- 0l— Geodetic latitude of the launcher location. 

ar. —Geodetic latitude of the target. 

99. (CM) Determination of Basic Data 

a. General. 

(1) When the launcher and the target are not in the same universal 
transverse mercator grid zones (TM 5-241), tho universal 
transverse mercator grid coordinates of ono zone must be 
transformed into corresponding coordinates of the other 
zone before computing range angle, target azimuth, and 
launcher latitude. 

(2) Target and launcher locations for distance and azimuth 
computations will normally bo furnished the Redstone units 
in terms of universal transverse mercator grid coordinates. 
If locations are given in geographic coordinates only, the 
universal transverse grid coordinates can be computed by 
using volume I of the universal transverse mercator grid 
tables for the proper spheroid. Conversely, if locations are 

given in terms of universal transverse mercator grid coordi¬ 
nates, they may bo transformed by using volume II of the 
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universal transverse mercator grid tables for the proper 
spheroid. 

(3) For distance and azimuth computations, universal transverao 
mercator grid coordinates must be based on the same uni¬ 
versal transverse mercator zone. Zone to zone transforma- 
lion of universal transverse mercator grid coordinates for 
the I argot may be performed by using the formulas und tables 
in TM 5-241-2. 

b. Basic Data Obtained Frvm Worksheets 1, 2 , 3, and /,. 

(1) The purpose of worksheet (WS) I, which is applicable only 
nfier the coordinates of both firing position and target have 
been transformed to the same UTM zone, is to determine 
basic data which is used in subsequent computations. This 
consists of the geodetic latitude of the luunchcr locution, the 
geodetic azimuth of the target, and the range unglo. The 
range angle is a central unglo between the launcher location 
and target, with its vertex at the center of the earth, and 
represents an equivalent range. This angle (corrected for 
launcher and tnrget altitudes) is used in worksheet 4 to 
determine two cutoff limo values which are used os argu¬ 
ments for entering the firing tables for all other parameters. 
Also, the range angle is used to determine a time interpolation 
factor which is applied to nil subsequent parameter calcula¬ 
tions. The tnrget azimuth and latitude of launcher are 
UBed in worksheet 2. 

(2) The purpose of worksheet 2 is to compute and assemble data 
which is used in subsequent computations. 

(3) The purpose of worksheet 3 is to apply corrections to firing 
table values when the target or launcher or both are at other 
than son level altitude. This is accomplished by calculating 
a vnlue R h which is used ns the argument for determining tho 
interpolation factor IF. This vnlue R h is expressed os a 
function of the range angle R. It is based upon the launchor 
location, target location, the altitudes H L and H T of the 
launcher and target respectively, the tnrget azimuth K T> 
and the latitude 0 L of the launcher. 

(4) The computations on worksheet 4 have three functions: 

(а) Determination of two values of t, t. and t bl from among 
thoso values of t tabulated in the R section of the firimr 
tables. 

(б) Determination of two range angles R, and lt h , correspond¬ 
ing to the two values of t, t. and t b respectively. 

(c) Determination of an interpolation factor (IF) using range 
angles K a and R h . 1 his interpolation factor is used in 
subsequent computations. 
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c. Workthett I (fig. 24). 

(1) DfUrminalion oj basic data. The purpose of Worksheet 1, 
which is applicable only after the coordinates of both firing 
position and target have teen transformed to the same UTM 
zone, is to determine basic data which is used iu subsequent 
computations. This consists of the geodetic latitude of the 
launcher location, the geodetic azimuth of the target, and 
the range angle. 

(а) Lines 1,2, 5, 0 Known data consisting of northingX 10" 4 

and (casting —500.000) XI0‘ 4 of launcher 
and UrgeL 

Line 3 Determination of dX. 

line 7 Determination of dE. 

(б) Both of these values (lines 3 anti 7) are used in determining 
direction (grid bearing) (line 11) and grid distance (line 13). 
lines 4, 8. 9 These values are u«cd in subsequent 

operations. 

NaU. Trigonometric tables to be used will have tabulated data 
for angles In degrees and decimal fractions of a degree instead of 
degrees, minutes, and seconds. 

(c) line 14 The value 0 l Is the geodetic latitude of 

the foot of the perpendicular from the 
launcher to the central meridian of the 
zone. 

—(VII) qj, whore =0.000001 El. 
is obtained from the appropriate TM 
5-241-( ) series using X L as the argument 
for entering the tables of (unction (1) if 
the launcher u in the Northern Hemi¬ 
sphere. If the launcher is in the Southern 
Hemisphere, use (10,000,000—N L ) an the 
argument. Inverse interpolation is 
required. 

Lines 15, 16, 17 Table* (VII), (XV), and (XVI) of appro¬ 
priate volume II of TM 5-24 1 -( ) scries 
using tiie argument Oj.. 

Line 18 Table (XVI11) is entered by using the 

argument of average northing (line 4). 
This table is located in the back of the 
technical manuals listed in paragraph 
97c. 

(2) The range of tho missile is determined by using the precise 
angular relationship between two points on the sea-level 
surface of the earth with the vertex at the renter of the earth. 
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Tho process of converting tho UTM coordinates to the range 
angle is as follows: 

(а) Determine the scale factor K by solving I he equation 
K = k 0 [1+(XVHI)q1 where k c =.999G is the scale factor 
at the central meridian. These computations arc per¬ 
formed on lines 19, 20. and 21. (Becuusc of long distances, 
the (]• value in the above equation is replaced by nn 
average q* denoted by q”*.) 

(lino 19) 

(б) Determine the mean radius vector by using the Radius 
Vector Table. 

Line 23 Represents a correction value in distance 

necessitated by the curvature of iutitudo 



for points not (orated at tho central 
meridian. 

Line 24 The average northing minus the latitude 

curvature correction provides the argu¬ 
ment for entering the Radius Vector 
Tables. 

Line 25 The (line 13) grid range is corrected by 

t ho scale factor K to obtain the sen level 
distance. 

Lino 26 Thu constant, degrees per radian, times 

the sea level distance divided by tho 
mean radius vector equals the range 
angle in degrees. 

(3) The geodetic azimuth or K T value is determined by using the 


following procedure: Case I: tan t=jj~ 


(a) Step 1 Case II: cot 

(where t is tho grid azimuth) 

(b) Step 2 (T—t) correction due to curvature of long 

azimuth lines. 

(c) Step 3 (C) correction for angle between grid 

north and true north. 


(rf) Line 11 


Determines the bearing angle on 

This value, when used with chart ut bot¬ 
tom of the page (nolo I), determines the 
grid azimuth of the turgel (line 35). 


(0 (T—t) correction is applied by solving the equation 
(T—t ) = L(N T —N l ) where T=projected geodetic azimuth 
and L=6.8755X 10“* (XVII!) (2EL+E4). These com¬ 
putations ure performed on lines 9, 31. 32, and 33. 
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(/) Convergence (C) is applied by solving the equation C = 
(XV)q L — (XVl)qJ. These computations arc performed 
on lines 27, 28, 29, and 30. 

•Vote. In this equation, cji. must be considered as positive only. 

('/) Convergence (C) is converted to degrees, minutes, and 
seconds, so that it may be applied to the grid azimuth of 
the orienting line on the FDC bnsic data record. 

(4) Lines 38, 39, 40 solve the equation 0 L =0,' — (VII qj.) 

d. Worksheet 2 (fig. 25). 

(1) Section I is used to compute and tabulute the trigonometric 
coefficients sin 0 L , sin 2 0,„ cos 0 L , cos 20 L , sin IC T , cos K Tr 
sin 2 IC T , cos 2 K t , and certain of their products as listed on 
the worksheet. It is also used to determine the force of 
gravity at the launcher (lines 22, 25 through 29) and certain 
trigonometric values which are used in the target azimuth 
oquntion (lilies 10 through 21 , 30 through 32). The value of 
each hr on line 4 must include the altitude of the target plus 
the height of burst of the warhead above the target. 

(2) Section II is used to determine the proper sign of the sine and 
cosine of the angles used in section I. The symbol a (alpha) 
represents the angle used to enter the trigonometric tables. 
For example, if the angle is 200°, alpha would equal 20°, 
and the sine of 200° would be the minus value of the sine of 
20°, and the cosinn of 200° would be the minus value of the 
cosilic of 20°. 

(3) Section III is used to tabulate values determined and used in 
subsequent operations. 

e. Worksheet 3 (fig. 26). 

(1) Computations on worksheet 3 are performed as follows: 

(a) Step 1—From worksheets 1 and 2, record 011 lines 1 
through 5 the indicated values. Perform the computation 
indicated on lines 6 through S. 

(b) Step 2—Enter the filing tables ami locate the appropriate 
R h section. Record all values of R*(i) to R„(12) on 
worksheet 3 in the appropriate blocks, 9 through 20. 

C c) Step 3—Perform the indicated computation, lines 21 
through 32 to determine values for R h and R,. 

(2) The parameter R, is an adjusted R b whose only function is 
as an argument for entry into the R section of the firing lubies 
to determine tho timn interval within which the required 
range angle R must lie. Once R» has served this function, 
it is never used again. 

/. Worksheet 4 (fig. 27). Computations on worksheet 4 are per¬ 
formed ns follows: 

(1) Step 1—Using the value R, (from worksheet 3) as the argu¬ 
ment, enter the R section of the firing tables. 
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Figure 20. (CM) Example of tcork&heel 3. 

(2) Step 2—Compare the R t value with those values in tho R(l) 
column of tho R section of the firing tables. 

(3) Step 3—Select the R(l) value closest to the R, value. Extract 
the corresponding value of t and record this value in the t 
block of column (1). 

(4) Step 4—Extract tabulated data for R(l), R( 2 ), R(3), R(4), 
R(5), and R(6) opposite the t value determined in step 3. 
Record in column (1). 

(5) Step 5—Extract appropriate values from worksheet 2 and 
record in column (2). 

(6) Step 6—Cumulatively multiply column (1) by column (2) 
and record the cumulative total in column (4). 

(7) This value is compared to the value. If tho total in 
column (4) is smaller than the R a value, this column becomes 
R. and t becomes t.. If larger, it becomes R b and t becomes 
it- 
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100. (CM) Determination of Presetting Data 

а. General. Worksheets 5 through 15 are used for the determina¬ 
tion of presetting data. The same basic pattern established in work¬ 
sheet 4 iB used for these 11 worksheets. Differences from the basic 
pattern ore discussed in detail. 

б. Worksheet 6 (fig. 28). Worksheet 5 is UBed to solve the formula 
K = K t +K( 1) Sin 0 l+K( 2) Sin 2ft. Sin K T +K(3) Cos 0 L Cos K T 
+K(4) Sin 2 K t +K(5) Cos 20c Sin 2K T +(((K(G) Sin ft.+K(7) 
Cos 0 l Cos K t ]1i l -H(K(8) Cos ft. Cos K T ]h L li T X 10"*+[K(D) Sin 
0c-fK(lO) Cos 0c Cos K T )h T )X10“ 3 . Tho value of K is the aiming 
or firing azimuth that will be transmitted to the launcher. The 
difference between K T , the target azimuth, and K, the firing azimuth, 
is the correction for rotation of the earth. 

(1) Step 1—Transfer the value of K x from WS 1 and record 
it in the appropriate blocks under columns a and b. 

(2) Step 2—Enter the firing tables, using arguments t. and 
U previously determined on worksheet 4, in the K section 
and extract tabulated data for K(l), K(2), K(3), K(4), 
K(5), K(6), K(7), K(8), K(0), and K(10). 

(3) Step 3—Record firing table data in column (1). 

(4) Step 4—Record data from worksheet 2 in appropriate blocks 
of column (2). 

(5) Step 5—Cumulatively multiply tho items in column (1) by 
those in column (2) and record tho total products in columns 
a and b. 

(0) Step 6—Apply interpolation factor and determine value for 
K. Convert K to degrees, minutes, and seconds. 
c. Worksheet 6 (fig. 29). 

(1) The purpose of worksheet 6 is to facilitate the solution of 
the formulas given below. 

(a) Chart I. 

/. X=500 (1-Cos 0 l Cos K). 

2. Y=500 (Sin ft-f 1). 

5. Z=500 (Cos 0r. Sin K-f-1). 

(5) Chart II. E=E(1)+E(2) Cob 0 l Sin K. 

(2) Chart I computations determine tho nlinement amplifier 
bias settings X, Y, nnd Z. These settings are necessary 
to offset the effects of the earth's rotation on the stable 
platform in the X, Y, and Z axes. 

(3) Chart II is a procedure to determine the range acceler¬ 
ometer elevation angle above the local horizon. The set¬ 
ting or E value is rounded off to the nearest 0.1°. This is 
necessary because of setting limitations in the guidance 
equipment. The difference (E — E,,) is applied as a cor¬ 
rection to tho parameters for velocity (Q) and displacement 

(S). 
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(4) Step 1—Complete Cliarl I. 

(а) Line 1. Determine Sin value of azimuth K (from work¬ 
sheet 5). 

(б) Line 2. Determine Cos value of azimuth K (from work¬ 
sheet 5). 

(c) Lines 3 ami 4. Record trigonometric coefficients from 
worksheet 2 . 

(d) Lines 5 through 9. Complete the indicated computations. 

(5) Step 2—Complete Chart II. 

(а) Enter firing tables in E section (arguments t. and l to ) 
and extract data for E(l) and E(2). Values for E(l) 
and E(2) are recorded in column ( 1 ). 

(б) Extract data from Chart I (above), lino 8 and record 
in column (2). 

(e) Cumulatively multiply column (I) by column (2) and de¬ 

termine total for columns (a) and (b). Complete indi¬ 
cated computations. 

(d) Apply interpolation factor. Determine value for E*. 

(e) Round off E to nearest 0.1°; this value is used on work¬ 
sheet 14. 

(/) Determine the difference (E—E*) and apply to work¬ 
sheets 11 and 12. 

( g ) Dotormino the calibration setting P for presetting E in 
the missile. 

d. Worksheet 7 (fig. 30). 

(1) Worksheet 7 facilitates tho solution of the formulas: 

(а) A=A(1)+A(2) Cos 0 L Sin K T . 

(б) B=B(1)+B(2) Cos 0 l Sin K T . 

(2) The value A is a correction applied to tho presetting Q 
(velocity). The value B is a correction applied to tho pre¬ 
setting S (displacement). These corrections aro necessary 
because of the rounding of E to the nearest 0.1°. 

(3) Tho procedure outlined below is used for both A and B. 

(а) Step 1—Using tho argument t., enter tho A and B sections 
of the firing tables and extract data for A(l), A(2), B(l), 
and B(2). The a values of A(l), A(2), B(l), and B(2) 
ore recorded in column (1). 

(б) Step 2—Extract from worksheet 2, the appropriate dam 
and record in column (2). 

(c) Step 3—Cumulatively multiply column ( 1 ) by column 

(2) and record the total product in appropriate blocks in 
column (3). 

(d) Step 5—Round off to two decimnl places arid transfer 
the A value to worksheet 11 and the B value to worksheet 
12 . 
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t. Workxhftt 8 (fie- 31). 

(1) This worksheet facilitates the solutiou of the formulas TT 
=TT(1)+TT(2) Cos 20 t +TT(3) Cos Sin K x . 

T?+C(l)h,+C(2)hT 
1 1 +C(3) h t +C(4) h T 

Tc JvyS ie 

The* value* TT is the* total time of flight of the missile from 
firing to impact. The standard launch time for n missile 
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Figure 30. (CM) Rxample of urorkahcet 7. 

fired from a zero firing alLitude to zero impact altitude is 
computed, then corrected, for firing position, and impact 
altitude effects. The value TT is used in worksheet 10 for 
computing displacement presetting variations. The value 
TC is the cutoff signal time. This value is used in computing 
the minimum required alcohol temperature. 

(2) The following procedure is used for worksheet 8: 

(a) Step 1—Complete chart I. 

1. Using t B and t b ns arguments, enter the firing tables in the 

TT section. Extract data forTT(l), TT(2), and TT(3). 
Record those values in column 1. 

2. From worksheet 2, extract the appropriate values and 

record in column ( 2 ). 


O • •« - » 
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3. Cumulatively multiply coluiuu (1) by column (2) and 

record the total product in tho appropriate a and b 
column. Complete tho indicated computations. 

4. Apply interpolation factor. Complete computations to 

determine TT. 

(6) Step 2—Complete chart II. 

1. Enter TT from chart 1 in line ( 1 ). 

2. From worksheet 2, extract the appropriate values and 

record. 

3. Enter the firing tables in the C section and extract data 

for C(l), C(2), C(3), and C(4). Record those values in 
lines (4) through (7). 

4. Perform the indicated computations in lines (8) through 

(14) to determine total time of flight (TT). 

(c) Step 3—Complete chart III. 

1. From worksheet 4, extract the appropriate values und 

record in lines (1) through (3). 

2. Perform tho indicated computations in line (4). 

3. Enter the value TO for the appropriate range in line (5). 

4. Perform the indicated computations to obtain the cutoff 

signal time (TC). 

]. Worksheet 9 (fig. 32). 

(1) This worksheet facilitates the compulation of the required 
minimum alcohol temperature to which the alcohol must bo 
heated in order to obtain the required burning time. 

(2) Tho following procedure is used for worksheet 9: 

(а) Step 1—From the FDC bnsic data record, oxtrnct the 
appropriate values and record in chart I lines 1 through 5. 
For computation of planned missions when alcohol tem¬ 
perature is not available, a standard alcohol temperature 
of 40° F. will be used. 

(б) Step 2—Complete the indicated computations for lines 6 
through 17. 

(e) Step 3—If the value of line 17 is greater than the value in 
line 11, complete chart II. II lino 17 is equal to or less 
than line 11, complete chart III. 
g. Worksheet 10 (fig. 33). 

(1) Chart I of this worksheet facilitates tho solution of the 
equation dQl = — [W(l)4-W(2)R+W(3)li L l dWL-f[F(l) + 
F(2)R+F(3)h lf ) dFS—|SI(l)-fSI(2)R-fSI(3)h L ] dSI. This 
value is the first velocity presetting change (dQl) which will 
be applied to the value Q to compensate for variations in 
standard missile lift-off weight, thrust, and specific impulse. 

(2) The following procedure is used for chart I: 

(a) Step 1—Extract from worksheet 9 the appropriate data 
and enter in lines 1 through 4. 
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(6) Step 2—Complote the indicated computations for line 4. 

(c) Step 3—Extract from worksheet 1 the value R and enter 
- in line 6. 

( d) Step 4—Enter the firing tables in the W section and extract 
data for W(l), W(2), and W(3). Record in the appro¬ 
priate blocks lines 7 through 9. 

(e) Step 5—Enter the firing tables in the F section and extract 
data for F(l), F(2), and F(3). Record in the appropriate 
blocks lines 10 through 12. 

(/) Step 6—Enter the firing tables in the SI section and extract 
data for SI(1), SI(2), and SI(3). Record in the appro¬ 
priate blocks lines 13 through 15. 

(g) Stop 7—Complete tho indicated computations for lines 16 
through 28 to obtain the first velocity presetting change 

(dQl). 

(3) Chert II of this worksheet facilitates the solution of the 
equation dQ2=ST(l)-fST(2)h L -HST(3)+ST(4)hJR. This 
value is the second velocity presetting change (dQ 2 ) which 
will be applied to the value Q to compensate for variations 
in standard missile lift-off weight, thrust, and specific 
impulse. 

(4) The following procedure is used for chart II: 

(а) Step 1—Extract from chart I the values R and h L and 
enter in the appropriate block lines 1 and 2. 

(б) Step 2—Enter the firing tables in the ST section and ex¬ 

tract data for ST(1), ST(2), ST(3), and ST(4). Record 
in the appropriate blocks lines 3 through 6. 

(c) Step 3—Complete the indicated computations for lines 7 

through 11 to obtain the second velocity presetting change 
(dQ2). 

(5) Chart VI of this worksheet facilitates the solution of the 
equation dS= -(dQi+dQ2) TT-0.009544 dWL+R 
(—0.026045 dWL -1.9636 dSI +0.016651 dFS); Tho solu¬ 
tion of this equation will provide dQ the total velocity pre¬ 
setting change and dS the total displacement presetting 
changes due to variations in standard missile lift-off weight, 
thrust, and specific impulse. 

(6) The following procedure is used for chart III. 

(а) Step 1—Extract from chart I the values dWL, dFS, dSI, 
and R, and enter in tho appropriate blocks lines 1 through 
4. 

(б) Step 2—Extract from worksheet 8 the value TT and enter 
in line 5. 

(c) Step 3—Compute the indicated computations for lines 6 
through 15 to obtain dQ. Enter dQ in the box at the end 

of chart- III. 
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(rf) Step 4—Compute the indicated computations for lines 16 
and 17 to obtain dS. Enter dS in the box at the end of 
chart III. 

(«) Step 5—Enter the value dQ into worksheet 11. Enter the 
value dS into worksheet 12. 

h. Worksheet II (fig. 34). 

(1) Worksheet. 11 facilitates the solution of the formula 
Q=Q(l)-fQ(2) Cos 0 L Sin K T -fQ(3) Cos 2fc+Q(4) Cos 
2 K t +Q(5) Cos 2ft. Cos 2K T +Q(0) Sin 20*. Cos K T +C,h L 
+dQ. (For t a >57, C, = 0.0134. For t a <57, C, = 0.0126.) 
The value Q is the missile velocity presetting. Three 
corrections have been applied—one to compensate for 
altitudes other than sea level, one to compensate for the 
rounding of E to the nearest 0.1°, and one to compensate 
for variations in standard missile lift-off weight, thrust, 
and specific impulse. The value Q is used in worksheet 
14 to compute a time in seconds. 

(2) The following procedure is used for worksheet 11: 

(«x) Step 1—Using t a and I* ns arguments, enter the firing 
tables in the Q section. Extract data for Q(l), Q(2), 
Q(3), Q(4), Q(5), and Q(6). Record values for Q(l), 
Q(2), Q(3), Q(4), Q(5), and Q(6) in the appropriate 
blocks under column (1). 

(6) Step 2—From worksheet 2, extract the appropriate values 
and record in column (2). 

(c) Step 3—Cumulatively multiply column (1) by column (2) 

and record the total product in the appropriate a and 
b columns. Complete the indicated computations. 

(d) Step 4—Apply the interpolation factor and determine a 
value for Q„. 

(e) Step 5—Apply the correction factor necessitated by the 
rounding of E to the nearest 0.1°. Use values (E—Eh) 
from worksheet 6 and A from worksheet 7. Determine 
a value for Q. 

(f) Step 6—Enter dQ from worksheet 10 and add to Q to 
obtain Q. This value is transferred to worksheet 14. 

i. Worksheet 12 (fig. 35). 

(1) This worksheet facilitates the solution of the formula 
S=S(l)-fS(2) Cos ft. Sin K T -fS(3) Cos 20 L -f-S(4) Cos 
2K T +S(6) Cos 20*. Cos 2K T -fS(6) Sin 20 L Cos K r +GJ>i. 
+dS. (For t.>57, C,= -2.25. For t m <57, Cj=-1.67.) 

(2) The value S is the missilo displacement presetting. Three 
corrections have been applied; one to compensate for 
altitudes other than sea level, one to compensate for the 
rounding of E to the nearest. 0.1° and one to compensate 
for variations in standard missile weight, thrust, and specific 
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impulse. The valuo S is used in worksheet 14 to compute 
a timo in seconds. This time is used to preset S in the missile. 

(3) Tho following procedure is used for worksheet 12: 

(а) Step 1—Using t. and t b as arguments, enter the firing 
tables in the S section. Extract data for S(l), S(2), 
8(3), 8(4), S(5), and S(6). Record values for S(l), 
S(2), S(3), S(4), S(5), and S(6) in the appropriate boxes 
under column (1). 

(б) Step 2—From worksheet 2, extract the appropriate values 
and record in column (2). 

(c) Step 3—Cumulatively multiply column (1) by column (2) and 

record total product in the appropriate a and b columns. 
Complete tho indicated computations. 

(d) Step 4—Apply the interpolation factor and determine a 
valuo for S*. 

(e) Step 5—Apply the correction factor necessitated by the 

rounding of E to tho nearest 0.1°. Use tho values 
(E—E„) from worksheet 0 and B from worksheet 7. 
Determine a value for 3. 

(/) Step 6—Enter dS from worksheet 10 and add to S to 
obtain S. This value is transferred to worksheet 14. 



Worksheet IS (fig. 36). 

(1) Chart I of this worksheet facilitates tho solution of the 
equation T=T(1)+T(2) Cos ft Sin K t +T(3) Cos 2ft 
+Cjh L . (For t.>57, C a =0.00285. For t»<57, C,=0.00275). 
ThiB valuo is the first of two cutoff equation constants 
which are presot into the missile. The value T must he 
converted into another numerical valuo for dial setting. 


This is done by applying the formula L= 



481.251 

T J 


10 s 


to the valuo T. This value is called L. It represents T 
as a dial setting to the value T. This value is called L. 
It represents T as a dial setting in seconds. 

(2) The following procedure is used for chart I: 

(а) Step 1—Using arguments t* and t bl enter the firing tables 
in tho T section and extract data for T(l), T(2), and T(3). 
The values of T(l), T(2), and T(3) arc recorded in the 
appropriate blocks in column ( 1 ). 

(б) Step 2—Extract from worksheet 2 the appropriate data 
and record in column (2). 

(e) Step 3—Cumulatively multiply column (1) by column (2) 
and record the total products in the appropriate blocks in 
columns a and b. 


(d) Step 4—Apply interpolation factor and determine value 

forT. 
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(e) Step 5—Apply calibration fnctor to determine L, the dial 
setting. Round off to nearest whole number. 

(3) Chart IT of this worksheet facilitates the solution of the 
equation N = N(l)-fN(2) Cos 0 l Sin K T -|-N(3) Cos 
2ft.+C,h L . (For t>57, C 4 =0.0004000. For t.<57, C 4 = 
0.000458) This value is the second of two cutoff equation 
constants which are preset into the missile. The value N 
in meters per second must be converted into a numerical 
value for dial setting. This is accomplished b}' multiplying 
N by 33.333. This product is called M and it represents N 
ns a dial setting. 

(4) The following procedure iB used for chart II: 

(а) Step 1—Using arguments t s and t b , enter the firing tables 
in the N section and extract data for N(1), N (2), and N(3). 
The values of N(l), N(2), and N(3) are recorded in the 
appropriate blocks in column (1). 

(б) Step 2—Extract from worksheet 2 the appropriate data 

and record in column ( 2 ). 

(c) Step 3—Cumulatively multiply column (1) by column (2) 

and record the total products in the appropriate blocks in 
columns a and b. 

(d) Step 5—Apply interpolation factor. Determine value for 
N. 

(«) Stop 8—Multiply N by 33.333 to determine M, the missile 
dial setting. Round off to the nearest whole number. 
k. Worksheet 14 (fig. 37). 

(1) The purpose to worksheet 14 iB to facilitate the Bolution of 

the formulas F=j^_, l =jfSr,- “ d J =VliTX r 
where F is the value for calibrating the range accelerometer, 
I is the time required for presetting the velocity presetting 
Q, and J iB the time required for presetting the displacement 
presetting S. A*=&. Sin E and gg. is the value of gravity at 
the launcher. A r =—0.00834 (Cos K Cos E Cob 0t+Sin 0^ 
Sin E). This is the magnitude of the apparent acceleration 
in the range measuring direction duo to the rotation of the 
earth. 

(2) The following procedure is used for worksheet 14: 

(а) Step 1—From worksheets 2, 6, 11, and l£ extract the 
appropriate* values and record on worksheet 14, lines 1 
through 6. 

(б) Step 2—Complete tho indicated computations for lines 7 

through 29. 

(c) Step 3—Determine values for F; F-J-0.01 see; F—0.01 sec; 
I; and J. Round off to three decimals. 


109 



COtfCEKTUL 

MCDIFICO *MM3Um aunoUED w**h.f*t M 

F.I.J 


\m 

Ml 

«5 1 

kv.. ‘TUTM 


un 

O) mi 


in 

cm 

»l 1 

1 

I 

M0| 

Ml IMI 

o. ojstdzi 

Hi 

in 

CUn | 

»5 4 

O 0**3T l 


1*11 

m in 

L.OL99/ 1 

Ml 

t 

CUM X 

■ 5 4 

Jff.z 1 


OH 

•nun 

C.07/2S 1 

Ml 

o 

■ 1 II 


■ 

an 

MM* II 


Ml 

* 

■5 M 

/UC7f 2 


1*41 

EE9£ 


-0.430*71- 1 

Ml 

Ml • -01 

38. 2 / ~ 


1*51 

..0fl4M [cm • 


m 

Ml 

Ml -.01 

JS./f J 


an 

•.Mill [|*0| • 

in) 

~ 000*76, 1 1 


51* Ml 

\-x±& 59 


an 

mi* it«» 

L.OIS/S 1 

H0| 

»i* (71 



!*•! 

an • an 

f&TTTHI 

Mil 

SU 1*1 

OC/32 7/2 1 


D 

«*l • 1*41 

C-OCJSO - 

on 

C" 1*1 

O 73SOSIT- 


□ 

**». (in 

nr 

//S 7 if 1 

mi 

C- m 

:.3J 


PH 

T*t« «*n 

SB 


IMI 

Cm m 



(Ml 

?*•. un 

sm 

//3. 737 2 

mi 

III TO 

<XS3S/7?r 


1**1 

-in - an 

, 


IMI 

Ml lioi 



IMI 

*■!•»• 1*7) 



UT| 

(HUH 



on 

y i»n 

i 


11*1 

i>» nil 

oossiur 



uconto HAMXlNG AJJTHOOIZEO 

Itiw fdM •> 

f **rt 57. (CM) ExxxmpU of itoekxJuti U. 


110 











































































/. Worksheet 15 (fig. 38). 

(I) The purpose of worksheet 15 is to facilitate the solution of 
the formula H=100 (L,-fL F ) t where H is the velocity out¬ 
put of the lateral accelerometer at the end of 100 seconds 
due to the rotation of the earth at the launcher location. 
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L,=gL Sin d 

L r =0.00834 (Cos ft. Sin K Cos d—Sin 0*. Sin d). This is 
the magnitude of the apparent acceleration in the lateral 
direction. 

(2) The following procedure is used for worksheet 15: 

(а) Step 1—Extract from worksheets 2 and 6 the appropriate 
values and record on worksheet 15, lines 1 through 3. 

(б) Step 2—Complete the indicated computation for lines 4 

through 13. 

(c) Step 3—Determine values for H; H + 0.01; and I!—0.01, 
lines 14 through 16. Round olT to three decimals. 


101. (CM) Azimuth of Orienting Line 

а. The aiming azimuth (K) as determined in worksheet 5 (fig. 28) 
is a geodetic azimuth adjusted for rotation of the earth. To orient 
properly the lateral accelerometer, the azimuth of the orienting line 
must be expressed in compatible terms. 

б. Geodetic azimuth is obtained from grid azimuth by applying 
the convergence factor C to the grid azimuth. In many cases this 
factor will be virtually the same for a point on the orienting line as 
for the firing position. However, particularly at the higher latitudes, 
there may be a significant difference between these two values of C. 
Therefore, FDC should always receive and record the grid azimuth 
of the orienting line and apply to it the value of C determined for the 
firing position. 

e. The computation for determining the geodetic azimuth of the 
orienting line is porformed on the FDC basic data record (fig. 18) in 
the following manner: 

(1) Survey personnel report the grid azimuth of the orienting 
line. This value is entered on the FDC basic data record. 

(2) After completion of worksheet 1 (fig. 24), the value of con¬ 
vergence from line 34, worksheet 1, is entered on the FDC 
basic data record. Note 4 ou worksheet 1 provides for con¬ 
verting this value to degrees, minutes, and seconds for re¬ 
cording on the FDC basic data record. (A proposed change 
for the missile programing data computer, Redstone, will 
provide this value of C the convergence as an additional 
output.) 

(3) Using the proper sign, the vnlue of C is applied to the grid 
azimuth of tho orienting lino, converting it to a geodetic 
azimuth (this is not actually a true geodetic azimuth, since 
it includes the value of convergence for the firing position 
rather than the orienting line). The geodetic azimuth of the 
orienting line is then recorded on the fire command sheet 
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